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| Alloy as a Possible 
Jjgse in Cartridge Cages. 


I Introduction. 


1. The present tendency toward reduction of arm- 
aments in general and reduction in size of men-of-war in 
particular keeps the Navy Department constantly con the 
lookout for improvements which will cause an increase in 
battle-worthiness of the vessels it is allewed. In former 
times the general policy was to first decide on armor. 
armanent, and speed of the vessel and then design a hull 
capable of carrying the load. At the present time, vith 
tonnages limited by treaty: the provlem is exactly re- 
versed. The size of the hull is fixed and then armor, 
armament, and speed balanced to fit. Consequently, any 
reduction in dead weight is highly desirable, and the 
outstanding opportunity for effecting this reduction is 
to substitute light metal alloys for the heavier metals 
and alloys in as many places as possible. 

2 Certain types of Naval vessels employ fixed 
ammunition! exclusively while others employ it in certain 
groups of their guns. Those using fixed ammunition exclu- 
sively are the smaller vessels where a saving in weight of 
dead load means a material increase in battle-worthiness. 
As a further consideration, however, the reduction in 
weight of the unit charge is important when it is realized 


that with even the most modern mechanized loading apparatus 
the charge is manually handled at one or more points in the 
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amaunition supply chetin. 

The present work was undertaken with the hope of deter- 
mining = light alloy which might be suiteble for use in carte 
ridge cases. <A rough estimate places the pyossible reduction 
in weight of the wnit charge at 15430 percent. 

3. In adapting @ light alley to such use many difficulties 
are encountered. The alloy must weve the following properties: 
(1) low specifie gravity; (2) melting point and thermal conduét- 
ivity sufficiently high to ennble it to withstand elevated 
temperatures for short intervals of time; (3) atrength and 
hardness to enable it to withstand accidental knocks in 
handling and prevent its extrusion inte the extractor recess 
during firing; (4) sufficient elastiotty to cause it te soring 
at the instant of firing end allow the gun to take the load, 
subsequently returning to its initial form when the pressure 
is released; (5) duetility te allow deep drawing during manue 
facture. Physical properties of an alloy as usually ceter- 
mined will give only a good indieation of how that alloy will 
act in a particular application. The present instance is not 
am exception to this statement and it is admittedly true that 
in this case they will give only a generai indicatien. The 
only worthwhile test must be the actual use of the alloy for 
the particular purpose. | 

Light alloys have been tried for this purpose with no 
apparent success as yet.” That work is being centinued with 
the assistance of the Aluminum Company of America's Engineer 
Sales Department but it is confined to edaptations of the 


stendard commercial alloys. 
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4. From an inspection of the literature 5,4,5,0,7 the 


conclusion was reached that a suitable light alloy might 
be found in the Aluminum-Copper-Nickel system, Jt wan pre- 
viously known that alloys as” and sis7° had been tried. 
The alloy 2S (commercially pure aluminum) gave fair results 
but was far from a success due to its softness. The alloy 
515 as used was practically a totel failure. From this it 
ight be considered that the melting point of tne 25 wea 
sufficiently high, and the melting point of the 515 was ouff- 
iciently low, due to alloying additions, to prevent or allow 
intergranular melting. A permissible assumption is that a 
light Aluminua-“opper-Kickel alloy with a melting point newr 
that of the 2S ana strength and hardness Bubperior to that 
of the aluminum might be successful, 

o. The alloys to be investigated were basically the 
96A1-46u alloy with +, 1, 2, and 4% nickel substituted for 
an equivalent amount of aluminum. The general :lan of 


work consisted of 


1) Determining liquidus and solidus for each alloy, 


2 


( 
(2) Determining effect of nickel content by 

(a) Microstructure study 

(b) Hardness teste 

(%) Determining physical properties with various 
neat treatments. 
6. It is desired at thie point to make the following 
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(2) To Mr. B. H. Dix, Tr. of the Aluminum Compeny 
of America and his ctaff for furnishing the 
@liegys and subsequent assistance and advice 
in the metallographic work and in making 
the teraile specimens. 

(3) To Mx. G. FP. Halliwell of the Carnegie 
institute of Technology facuity for his 
aivice and assistance. 

Ii. Material, Apparatua, and Kethods 

1. The analyses of the four alloya aged are Khown in 
Plate 1. They were prepared and analyzed at the Research 
Leaboraterys Aluminum Company of America, New Fengington, ra. 
The base metal was the high purity grade of aluminum known 
as grade tA. 

G. <A Small nichrome-wound resistance furnace was used 
for the study of effects of heat treatment. Temperature 
control was entirely by hand. The temperatures were deter- 
mined vy a noble-metal thermocouple which wae ealibrated 
against a secondary atendard of known seccuraey. The poten- 
tiometers used were (1) a Leeds and Northrup Type K for the 
solidus and liquidus determinations and (2) a Leeds and 
Northrup portable typer calibrated against the Type K, for 
temperature control of the furnace. A "drop-bottom" fer 
the furnace was built which would permit a quenching inter- 
val ef approximately 1/5 seeond. The temperature differences 
within the furnace at 600°C. at the level of the platform 
were 4G. trom sive te centers as. to a distance of 1+" 


above the platform. 
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9. Precedure 

(1) Using earben crucibles and with the thermocouples 
immersed in the metal and protectei from it by a silica tube. 
cooling and heating curves were taken on each of the four alloys 
to determine their solidus and liquidus temperatures. At least 
two curves were taken on heating or cooling each alloy and in 
most cases three or more. The results, as tabulated in Plate 
2, are believed to be accurate within 5°c. 

(2) After determining the solidus and liquidus temperatures 
samples 4$“x}"x1/8" of each alloy were cut. Taking them in 
eroups of four (one of each alloy) they were placed in the 
furnace, which had been rigged with the drop-bottom: and 
given the following heat treatment: heated to a temperature 
of 590°C. and maintained at that temperature (* 50°C.) for } 
hour. The furnace wag then allowed to cool slowly to various 
temperatures ranging from 247°C. to 540°C. and efter holding 
at this temperature @ hour the specimens were quenched. The 
neceasity of this fast quenching is obvious. The regulting 
specimens were then polished and etched with 1% HF (swab: 8 
sec.). They were studied to determine the amounts and nature 
of the inclusions. Four typical examples of the structures 
are shown in the accompanying micrographs (Plates 3-6). 

(3) One group of specimens was then maintained at 618°C. 
for $+ hour and quenched. Upon polishing and etshing with the 
1% HF it was seen that incipient melting had commenced. This 
is shown in Plate 7 for alloy #2. Similar conditions were 
noted in the other three. 

(4) Hardnesses (Rockwell B) were taken immediately upon 
quenching in an effort to determine the advent of any precipi- 
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tation. The results are plotted in Plate &. 

(>) A group of specimens were quenched after soaking 
for + hour at 590°C. and then aged at various temperatures 
ranging from 100°c. to 450°C. for an additional 4 hour. The 
aging at 100°. was done in boiling water and at the higher 
temperaturesin the nichrome-wound furnace. They were air 
cooled from the aging temperatures. Hardness (Rockwell BE, 
1/8" ball, 100 kg. load, B scale) was taken after aging and 
the results plotted as shown in Plate 9. 

(6) The #1 and #4 half-inch plates were then tolied 
down, first hot and then finished with a 50% cold reduction. 
the final thickness was 0.064" (14 gage. A.W.G.). Flat ten- 
sile coupons were then punched and milled. A series of the 
test pieces were heat-treated as in (5) and physical proper- 
ties determined for the two alloys in the cold-rolled and 
heat-treated conditions. At least two specimens were tested 
for each alloy and heat-treatment. The average results are 
plotted in plates 10-12 inclusive. 

(7) The microstructure of alloys #1 and #4 after quenching 
and aging at 100°C. is shown in plates 13 and 14. 
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Chemical Analysis of Alloys 
Solidus and Liquidus Temperatures 
Miorostructure Alloy #1, as quenched from 590°C. 
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PLATE 5S 


Alloy #1 


Quenched from 590°C. 
Unetched X500 
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Alloy #2 


Quenched from 590°C. 
Unetched X500 
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Alloy #4 


Quenched from 590°C. 
Unetched X500 





Alloy #2 


Quenched from 618°C. 
1% HF etch X500 
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PLATE 15 





Alloy #1 


Quenched from 590°C. 
Aged at 100°C. 
1% HF etch X100 
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Alloy #4 


Quenched from 590°C, 


Aged at 100°. 
1% HF etch X100 





PLATE 14 





IV. Discussion of Results and Conclusions 

ll. The hardness teats of the alloys in the con- 
dition as quenshed from various teaperatures (see Plate 8) 
show nothing that can be called conclusive evidence of 
precipitation. It will be noted that while the hardnesses 
of the lower nickel alloys are consistently higher than 
those for the higher nickel alloys the values are prac 
tically constant over the range of quenching temperatures. 
The 1/16" ball (Rockwell B) is too small for this soft 
material but was considered satisfactory inasmuch as the 
results are purely relative and a11 hardnesses were nearly 
equal. ‘The values obdtained are all Less than zero (FRoekwell 
B) but assurance was obtained during the testing that the 
leag was apylied only through the ball. 

in the composition range examined. the liquidus 

temperature deereases from 645°C. for the loweniekel alloy 
to 636°C. for the higher-niekel alloy (Plrte &}. The 
SOlidus temperature is practically the same for the four 
Alloys. While the rates of heating ané cooling used were 
Slightly high (4°C. per minute) the agreemen’ between the 
heating and cooling temperatures in‘ilsates that any jag 
developed was not of serious conesqjuence. The solidus 
temperature ia the more important of the two because of 
the fact that with a rising temperature any intergranular 
melting will begin at that point. In the blast within the 
gun this would allow grains to be hlown loose from the main 
masé of metal. If this intergranular melting is not begun 
it is believed that the metal. even theugh reduced in 


strength due to the elevated temperature, will have 
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sulficient strength to withstand the blast. ‘elidus tem 
perature will aloo depend on amounts of impurities present. 
It was for this reason that the so-called high purity grade 
7A was chosen as the basic metal rather than the ordinary 
"eommercially pure aluminum." In the 515 glley there is 
an exeess of eil.con which invites reference to the state- 
ment of Archer in Sdwards, Frary: and Jeffries ook that 
the gol idus in AluminumeMagnestum-Sllicon alloys having Si 
in excess of the lg,Si ratio occurs at aporoximately 650°C. 
with the freeging of the ternary eutectic. The final 
solidifieation prebably takes place at a still lower ten- 
perature in 515 due to the presence of impurities. A come 
parigon of the solidus temperatures of the subject alloys 
with those of the alloys 25 and 815 shows 


Alloy 28 Al-Cu-Wi 61S 
G 
Solidus temperature 658°C. 620°C. 550 Cc. 


Thus, solidus temperature and with it resistanee to inter- 
granular melting for the Aluminum-Copper-HNickel alloys is 
seen to compare favorable with the 2S as against the 515 
alloy. 

The study of the microstructure revealed that the four 
alleys fall into two groups; the first group being the two 
lowenickel alloys and the second group being the two higher~ 
nickel alloys. It was noted that over the whole range of 
temperatures from which @uenched the alleys consisted of a 


ground macs of selid solution with scattered inclusions lo- 


page 9 


me) subiie! -depid sdf anetessow of Afgneyte tnetpl tine 
suse, SOs T gE Le etm an Lewd oaks Lie omptaecey 
ete SiMe ald ROLinbmwe aes Jan? auBeee ois? vo? dew 2L 
Tinddto MEF muri qudawe Ladee elem a) on nvwoite ame AT ‘ee 
ot ete? qile Pit at) ot " enadende way Utalosemnos® 
~+1a0m och a saomnates antivad fnite scotia Y4 soaie me 
teed duad eadeYial tine «yuee® satel @! welOzd to Pome 
f\ ahtved ayndle aeolisin~w leangetmmnfense al euhi loo odd 
"88 tietemtactogs 24 swore 01st Bae 9nd Lo omames RE 
Anal th, eft ~oliantee yuarand aff Yo gtinoen? att Attn 
aool cewol. [Lise @ 30 poaly waved Udadorg gelieoltibtins 
oom + «neds liuqah Yo eoqpeeg: ef) 09, ou NR Ob etusatng 
weolke Joptive a2 Yo mptetege eublics od? lo soubueg 
wmode BL4 doe Of apelts ed! Te sued thy 












ae | Hirtafs e wis 
wae 2 ose 0s) siuteteuees auht{od — 


<td 4d goneseivet (2 Gin Ine otletouel subhie raid? 
el #Volsa joke t-reqgoPwmmiausa aad sed gett iow teiuser 
bit et2 seahome of Gf off Gedy eidpterst ecegmoe of aves 
‘tedle 

ue) 0) Sekt Solavyss aputoutieerete of) Ye vbota act 
wet add poted quote 4west ots ynqpecy eee ofrd Lied aqoils 
~Fetelt gwa ec? poled qoem Leyewe 646) bun wyelite isdaia-wos 
ty Tey efemy ots sere dete Seton oer 4 ieyeile dedule 
6 74 Aad elowad Syl od Seceasiig tied won? predansques 
“tl aoutevlewl Bosssiane Sj~ wolinio# ation te rere ovo 


page 10 


cated largely at the grain boundaries. These inolusions were 
seen to increuse with added nickel but at a faster rateri.e.: 
there sre more then eight times as wany inclusions in the 47 
nickel alloy aa in the alloy containing 4) nickel. In the 
first group the ineluatons were wholly the ternary compound, 
r or Cu-Ni, a8 identified by the methods of Dix ana Keith . 
In the secend greup there appears a greatly increased amount 
of the ternary compound together with a large amount of NiAl.. 
The presence of any GuAd in any of the alloys at the as-quenched 
temperatures wae not noted. While the short time of soaking 
is net sufficient te allew cemplete eaulllbrium to be reached 
the results obtained are believed toe be qualitatively ac- 
Gurate. It is believed that this distribution effeet isa due 
to the normelly strong attraction of niekel for copper. 

With smell amounts of nickel present some of the copper 
Gombines with it and aluminum te form the ternary coupound 
while the remainder goes into solution. With higher nicxel 
content less of the cepper sees to form sclid solution and 
more forma the ternary compound until @ point ia reached 
were a large excess ef nickel is needed te draw copyer Trom 
s0lid solution in the alusinum. Waexed over and beyond 

this critical concentration would then unite with the 
@luminum and eppear as HLAL.- This isa found te be the ease 
for, with nickel over 1h, free Wi1Al, ig present. Beth the 
ternary compound and the NEAL. appear as fairly large 

rounded particles, mostly at grain boundaries, and weuld be 
expected te have a negative effect on physical properties. 
This is corroborated by the physical data for the higher- 
nickel alloys. 
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Nickel. therefore, having the power to take wp and 
combine with all available copper to form the ternsry com- 
pound as a rounded inclusion will act as a scavenger for the 
grain boundaries. While with proper treatment there 18 
small likelihood of there being present scny scopper~aluminum 
eutectic, it is not an impossibility and the function of the 
nickel would be to draw this eutectic up into an inclusion 
much in the same manner that manganese is said to combine 
with sulphur in steel and form a roundec particie. This 
would remove the eutectia which might be »oresent at grain 
boundaries and which. with its comparatively low melting 
point, 548°C., would allow early melting and disintegration. 

It was originally intended to determine precisely 
the physical properties for the complete set of alleys with 
varying heat treatments. This phase of the work has had to 
be shortened; however: due to a lack of time. The heat- 
treating of the tensile specimens wae done in an electria 
resistance furnace with the specimens buried in sand ina 
sheet metal container and the temperature manually con-~ 
trolled to offset a large temperature gradient within the 
furnace and a poor automatic control. It was due te lack 
of a close automatic control that only comparatively short 
time of aging was used. All tensile properties were ‘4e- 
termined across the direction of rolling. The testing machine 
was a Tinius Olsen 50000-pound machine using a liget coise 
to convert it to a 5000-pound maximum load. I% was run at 
minimum speed. Yield points were determined by the dram of 
the beam and noting change in rate of application of enc. 


To be noted on physical properties ia the fant that 
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the matcrial hoterolled easily wad on cold~-relling showed a 
Clean smooth finish with so tearing. The final reduotion in 
the cold state was fifty percent. 

Just as tne four alleys fall into i@o microstructure 
groups se do “hey fall into two groups in hardness values 
after heat treatment (flate 9). The two alloys of higher 
nickel content are slightly softer than the two lowenickel 
alloys and do not respond an eyual amount to heat treatment. 
This would be expected considering the larger number ef in- 
clusions present and conseyuently a smaller ameunt of disp 
solved copper with the higher nickel content, just aa we 
would not expeot a one-tenth garbon steel to be ag Loat. 
treatabie as ene with higher carbon. It was assumed that 
other physical properties would Likewise show a divisio:. 
and only the high and lew niokel alleys were tested for 
physical properties. Plates 10 and 11 show the Jhysical 
properties of the two alloys while Plate 12 shows a come~ 
parison of their tensile strength and elongatiens. 

~28 B8Clution heat treatment: i.e.» quenching from 
neer the solidus; follewed by aging ai 1470 "8.4 is considered 


to give the best combination of properties to these alloys. 


Wi. t+ Sy Y. F Blong. 2" R.A. Haraness 
content #/in* #/in® % is Rockwell & 

4% 41200 29700 14 43 72 

4% 32700 22700 19 3 57 


It will be noted that the lower-nickel alloy is the stronger 


and harder of the two. 
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12. The results semparable with those of Read end Greaves 
& 
in their work on the physical properties of this system show 
good agreement. For the $92:4:4 Al-CueNi. (nominal composition) 


alloys: 
Present Work Read and Greaves 

Cold # Yield Point 30500 29600 
forked Tensile Strength 36500 356890 
Elongation 3.3 3-8 
Reduction Area 27 6.2 
Yield Peint 5400 7209 
Annealed Sens Strength 29490 25395 
at 450°. Blongation 21 23.6 
bcenenste Area a.) 29.7 


#Ppresent work en sheet reduced cold abdsut 59% in 

cress seetion to .064". Read and Greaves on 1“ 

red cold drawn te 7/8". 

Tt will be noted above that the grestest disagreement 
is confined to those properties, Yield Peint and Reduction of 
Area, in whieh positive values are difficult to determine. 

The alignment of the four alloys into two groups with 
the division at between one and two pereent. nickel which 
was shown by the microscope and hardness tests ayvrees in 
general with the diagram of Bingham anil Wdaghten.” They 
place a phase boundary at between one and two percent. 
nickel. The liquidus temperatures also show good agree- 


ment. <A marked disagreement is shown in the solidus 
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temperatures, however. In their determinations a great 
amount of difficulty was encountered in interpreting a 
number of minor halts in the cooling eurves {inverse-rate). 
_& Glese determination of solidus tem er ture under these 
circumstances is impossible but it is believed probable: as 
they state, that t ese minor halts were due te metastability 
in the liquid. On heating many ef these retardations were 
net in evwidenee. In the present work solidua points vere 
determined on time~temseratyre rather than Llaverse-erate 
curves. The invers¢-rate curve. while it does gove more 
Gefinite determinations, alse magnifies any experimental 
errors to & point where they may complicate the interpre- 
tations. The uniform results sbtsined in the present work 
lend assurance to the correctness of the determinations and 
the later work on heat treating, fi.e.: the solution heate- 
trestment consigting of seaking at 690°C.» shows positively 
that the solidus is above 668 C., the temperature determined 
by Bingkam and Haughton. These variations may- of geurse, be 
due to different amounts cf impurities. Wo explanation 16 
attempted for the still grenter disagreement in solidus ten- 
peratures for the low-nickel alloy. 

13. It is reiterated here that the only test «hich will 
give positive indication of the adaptability of this group of 
alloys to use in cartridge cases must be actual application. 
We can, however, make an estimate cf this adaptability by 
examining the above data in the light of past experiment. 
The alloys designedly have a low specific gravity. The 
only advantage an alley of higher nickel content might have 


over the lew nickel alloy might be the presence of RLAls » 
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With wheat way bé called an exeese of nickel present. 1% 4s 
extremely unlikely that euy coyper could exist cutside of 
elther the aolid selution or the ternary eempound. It is 
velieved posuible, “ewever, that the smaller amount of 
nickel, one«half _ercéent.: is sufficient to spheroidize 
whetever free cosper might be available as the ternary com- 
pound. Conseyuently- oar consideration will cevwolve wupen 

the low nickel alloy (90$:24:}) AleGusdi). It is composed 
initially to avoid the presence ef any lmpuritica which 
might allow earlier melting. ‘When annealed at 486°C., 

its hardness, elongstion, and reduction of area would 
indioate that it sould be as engily drawn as the alloys 

17S (duralumin} and 255 (silicon-manganese alloy}, probably 
slightly more se. In the recommended heatetre ted condition 
(queneh at 690°C... aged at 290°C.} it tae wufficient strength 
and hardness fer all except rough usage. It hae a solidus 
tamperature comparable with that of the commercially pure 
Glumivtum: which. while net high, might pe auffieciently 
@levated to prevent disintegration. At elevated s@mperature 
however, it is extremely soft ami care mast be taken when 
heat-treating not te strain it in any menner. Evidence of 
this softness cecurred in attem ting te heaitetreat a specimen 
made up of laminations screwed tecgether. The strain on the 
sorew-head camised it to sink deeply into the outer metal when 
the metal was hented prior to quenching. Whether or not this 
softnvss will cause failure in the cartridge ease during the 
firing ie a subject for conjeoture. Alloy 815 waa not ex- 
truded into the extrnetor reeess as much as alloy 25 and at 


the eame time alloy 25 did not euffer from disintegration to 
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to the same extent that the 515 aia. It might be expected 
thet the Al-Cu-Ni alloy would resist disintegration equally 
as well as the 2S and that it would resist extrusion as well 
as the 515. 

The general conclusion is that s triel of thia alloy in 
actual use would be worthwhile. It is not a conviction that 
it will ve more adaptable than the standard commereial alleys 
but there is in its favon as against them. the difference in 
impurities and absences of alloying additions wrich might 
allow earlier meiting. 

14. A eontinuation of this work aleng the follewing 
lines would be advisable: {1) Testing of the ehosen alloy 
by ectual application {Commercial appliertion of an alley 
baged on grade 7A aluminum would not be practical. But while 
it is desirable to heve impurities a minimum, it is believed 
pessible thet use of a commercially praetical high-purity 
grade of nluminum would give setisfaetory results:; (2) De- 
termination of the physical preperties of the two intermediate 
alloys of this group, noting any eritierl niekel content which 
would be expected at between one and two yereent.; (3) Further 
determination of solidus temperatures working with alleys having 
varying amounts of impuritics purposely added; (4) Further 
determinations of effects of heat-treatment involving a 
variation in time of aging, and quenching from temperatures 


below that used in the present work. 
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V Appendix. 


15. Kelative teferences and Notes, 


1 Note: Fixed am uunition i&f the term azp,lied to the charge 


tx 


‘OD 


LO 


Li 


for a gun where the propellant is contéined in & carte 
ridge case which is fixe: to the ;rojectile, the two 
constituting a unit mass; e.g., 11 pistol ammunition 

is fixed ammunition. 

"Report on Conditions Peveloved in tine Firing of 

Aluminum Cartridge Cases", Naval Gun Pactory heport, 

18 April, 1929, C.¥.Margerun. 

"Jight Ketals end Alloys, Aluminum, Kagnesium”’, Circular 
of the Rureau of Standards, No. 346, 

"The Properties of Same AlLuminui-Nickel and Coprer-Rickel- 
Alwminum Allove", Read and Greaves, J,Inet.Het. ,15,100-159 
"The Constitution of Some Allows of Alininum with Copper 
and Nickel", Bingham and Haughton, J.Inst.W#et.,29, 71 

"The Aluminum Industry", Hdwards, Frary, ana Jeffries, 
Yo..2, Aluminum Products and Their *#ehrication. 
"Metallurgy of Aluminum and Alumina Alloys”, R.¢. Anderson, 
“The Fiching Characteristicea of Constituents in Commercial 
Aluminum Alloys", Dix and Keith, Froc.A.&.T.K.26 
25 Aluminum Go. of America camuercially pure (99% 4) 
aluminum, principei djmpurities iron, Sisicon, ang copper. 
O15 Aluminum Co. of America alloy. kominal composition: 

1% silicon,0.6% magnesium, resminder aluminum plus 
impurities. 

7A Alwainum Co. of America highest purity (99.95%) 
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